In Brief
How mixotrophic corals balance autotrophic and heterotrophic nutrition in relation to food availability is unknown.
Fox et al. demonstrate that satellite estimates of nearshore primary production predict the trophic ecology of reef-building corals at regional and global scales. In more productive regions, some corals are consistently more heterotrophic.
INTRODUCTION
Mixotrophic organisms can balance their reliance on different nutritional modes (i.e., autotrophy and heterotrophy) in accordance with spatiotemporal fluctuations in resource availability. This trophic flexibility allows mixotrophs to adapt to a wide range of terrestrial and aquatic biomes, making mixotrophy one of the most ubiquitous nutritional strategies on earth [1] . Most mixotrophs subsist along a continuum of autotrophy and heterotrophy, such as vascular plants that can supplement autotrophic nutrition along gradients of limiting resources through carnivory or mycoheterotrophy [2, 3] . Dynamic marine environments favor mixotrophic organisms, which are broadly distributed and provide crucial linkages for energy flow between trophic levels [4] . Many cnidarians and sponges have evolved a tight symbiosis with microalgae to sustain high rates of primary production in oligotrophic regions [5, 6] . Of these animals, mixotrophic reefbuilding corals form the foundation of one of the most biodiverse and productive marine ecosystems, yet our understanding of how corals adjust nutritional modes in response to natural gradients in resource availability (e.g., inorganic nutrients and particulate resources) remains limited [7] . Given their pantropical distribution, mixotrophic corals represent an opportunity to examine the biophysical coupling between resource availability and the trophic ecology of mixotrophic organisms across spatial scales.
Reef-building corals obtain energy from both autotrophy, via their endosymbiotic microalgae of the genus Symbiodinium, and heterotrophy via the capture of allochthonous particles [8] . Although the physiological benefits of this trophic plasticity were acknowledged by early studies of coral biology [5] , the ecological success of scleractinian corals has long been attributed to their symbiotic nature [9] . Indeed, photosynthetically fixed carbon translocated from endosymbionts to the coral host can contribute more than 100% of the daily metabolic requirements of corals [10] [11] [12] ; however, much of the fixed carbon is respired or released as mucus rather than incorporated into host biomass [13, 14] . Heterotrophy, on the other hand, provides corals with carbon and essential nutrients (e.g., nitrogen and phosphorus) that directly support growth and reproduction [15, 16] . The physiological importance of heterotrophy for corals is widely accepted, yet a disproportionate amount of research to date has focused on the role of endosymbionts in defining coral nutrition [7] .
Heterotrophic nutrition can mitigate the negative effects of environmental stressors on coral physiology. For example, heterotrophy can increase coral recovery rates following acute stress, decrease overall mortality, and help re-establish the coral-algal symbiosis following thermally induced bleaching [11, [17] [18] [19] . Heterotrophic nutrition can increase coral fecundity [15] and also facilitate calcification under low pH conditions, which is critical for coral growth and therefore the structural development and persistence of reefs through time [20, 21] . In situ, increased rates of heterotrophy by corals are often considered a response to the contrasting gradients of light and resource availability [22] and are thought to increase with depth [23] . However, some corals may feed continuously across depth in areas where heterotrophic resources are more abundant [24, 25] . Food availability for corals is linked with nearshore primary production (PPn) [26] . Thus, future reductions in PPn, caused by increased ocean stratification [27] and moderate to strong El Niñ o events [28] , most likely represent an unanticipated stressor on the persistence of coral populations in a warming ocean. Understanding the relationship between PPn and coral trophic ecology will improve our capacity to accurately predict the implications of global change on coral populations over space and time.
To date, our understanding of heterotrophic nutrition in corals is largely laboratory-based [7, 14, 16, 19, 29, 30] , thus limiting our ability to assess coral feeding at broader, more ecologically relevant scales. New techniques are required to propel our understanding of coral nutrition beyond individual colonies and to scale these patterns up to entire reef ecosystems. An essential first step is to link regional variation in environmental conditions with the biological responses of corals. Remotely sensed estimates of surface chlorophyll-a (chl-a) [31] have revealed significant increases in phytoplankton biomass in the nearshore regions of oceanic islands across the Pacific [26] . Notably, these satellite-derived chl-a estimates are correlated strongly with PPn throughout the photic zone as well as the relative abundance of zooplankton, a primary food resource for corals [32, 33] . Remotely sensed surface chl-a may therefore provide a globally relevant proxy for estimating PPn and heterotrophic resource availability on coral reefs. Similarly, stable isotope analyses (d 13 C and d 15 N) of coral hosts and their endosymbionts can assess the relative contributions of heterotrophic and autotrophic nutrition across multiple coral species and spatial scales [18, 23, 24] .
To test for a link between heterotrophic resource availability and the trophic response of mixotrophic corals, we compared the d 13 C and d 15 N values of corals to satellite-derived estimates of PPn (using chl-a as a proxy for plankton biomass). At an archipelago scale, we measured the degree of heterotrophy in a common reef-building coral (Pocillopora meandrina) collected across depths (5-30 m) at five uninhabited islands in the Southern Line Islands of Kiribati (SLI) and modeled these against concurrent changes in PPn. To determine whether the same relationship held globally, we synthesized published d 13 (Tables S1 and S2) . C:N values were elevated in the coral host fraction on Starbuck and Malden, which indicates the nitrogen content of the coral and endosymbiont fractions did not increase along the nutrient gradient (Table S1 ). However, the overall chl-a content of P. meandrina endosymbionts increased from Flint to Malden (island: F (4, 60) = 21.26, p < 0.01, Tukey HSD: FLI < VOS, MIL, STA < MAL). Pigment content generally increased from 10 to 30 m but was highly variable (depth: F (2,60) = 6.61, p < 0.01, Tukey HSD: 10 m < 30 m; Figure S1). Endosymbiont density was positively correlated with chl-a content at 10 m depth across all islands (Pearson's correlation: t (1,25) = 5.27, p < 0.01, r = 0.73).
Isotopic Evidence for Coral Heterotrophy across Islands and Depth
The d
13
C values of coral and endosymbiont tissues can be influenced by differences in photosynthetic rates (autotrophic nutrition) and by the incorporation of allochthonous food sources via particle capture (referred to herein as heterotrophic carbon). C) provides insight to deviations from a fully autotrophic diet and reliably tracks intra-island gradients in resource availability [18, 23, 24] .
Coral host and endosymbiont d
C values declined linearly with depth and d 13 C for both fractions ranged from À14 See also Figure S1 .
to À18 & across the SLI (Figures 1A-1E ; Table S1 ). Table S4 ). Latitude was unrelated to D

C. Coral and endosymbiont d
15 N showed no coherent pattern when considered globally (Table S4 ). However, considering only Pocillopora spp., host and endosymbiont d Figure 3D ; Table S3 ).
Additionally, depth of the 22 isotherm (a proxy for thermocline depth) explained 51%-69% of the variation in coral D 13 C (Figure S2 ; Table S4 ). Our findings indicate that mixotrophic corals incorporate a greater proportion of heterotrophic carbon (more negative D 13 C) in regions where resource abundance is enhanced by shallower thermoclines and higher surface chl-a concentrations.
The linear relationship between D
13
C and surface chl-a is globally consistent, irrespective of taxonomic resolution or spatial scale. For all species, coral or endosymbiont d
13 C values showed no relationship to chl-a, but D 13 C, although variable, declined significantly with increased chl-a (Tables S2 and S3) . This relationship was similar when constrained to an archipelago scale (islands within the same region averaged together) to account for potential geographic sampling biases (F (1,5) = 18.35, p = 0.01, r2 = 0.79). Controlling for four coral families common to all islands, surface chl-a remained a significant predictor but explained less variation than the original model at an island scale (F (1, 14) = 19.04, p < 0.01, r2 = 0.58). When we controlled for coral taxonomy within archipelagos this model explained much more variation (F (1,5) = 74.31, p < 0.01, r2 = 0.94). Across seven additional linear models that varied by total species number and sampling location, the slope of our observed relationship varied by 6% and explained 70%-86% of the overall variation in coral D 13 C (Table S3) . Coral host d 13 C was only related to surface chl-a in the two most simplified models, and endosymbiont (Table S3) .
DISCUSSION
Mixotrophic corals benefit greatly from heterotrophic nutrition, but the role of oceanographic processes in structuring food availability, and the associated responses of corals, have not been widely studied [24, 36, 37] . Our results indicate the trophic ecology of some corals is spatially flexible, such that corals will increase their use of heterotrophic nutrition when resources are abundant. Specifically, we provide empirical evidence that spatial gradients in nearshore primary production (PP n ) around coral reef islands can directly influence the nutritional status of mixotrophic corals on shallow reefs. Most importantly, we demonstrate that heterotrophic carbon incorporation (
C endosymbiont ) is related to surface chl-a at a global scale for multiple coral species across three oceans. We also illustrate that PP n gradients can influence coral trophic ecology across islands and archipelagos. Our findings support the recent observation that seabirdvectored nutrients may stimulate PP n and subsequently enhance the growth and biomass of coral reef fish populations [38] . Notably, our study is the first to link patterns of PP n with the nutrition of coral communities (Figure 3 ), which provides further evidence that variation in PP n has strong implications for coral reef ecosystem functioning at multiple scales and trophic levels.
Our results support a working model that many corals will increase heterotrophy as a function of food availability. This is not surprising, as feeding in some coral species is nearly constant [16, 39] and heterotrophic nutrition is often a function of prey encounter rather than a necessity driven by metabolic deficit [40] . Consequently, patterns of PP n most likely have a Figure S1 and Tables S1 and S2. significant influence on the nutritional status and energetic budgets of coral populations. Based on the strong agreement of our statistical analyses with this process-based model, we conclude that the nutritional status of mixotrophic corals is tightly coupled with patterns of PP n on a global scale. Specifically, using surface chl-a as a proxy for PP n , we were able to estimate the D
13
C value of multiple coral species at 10 m depth. For example, D 13 C values were highly variable among thirteen species of coral from Jamaica (Table S2) Table S2 for a complete list). Chl-a estimates are based on data from between the 7 and 13 most proximate pixels to each sampling location and represent the climatological mean from 2004 to 2015. The line represents best-fit linear regression (p < 0.001, r 2 = 0.77), and the shaded region represents ±1 SE of the linear fit. See also Figure S2 and Tables S2, S3 , and S4.
feeding responses under stressful conditions [11, 43] . Furthermore, the relationship described here cannot resolve all variation in coral D 13 C driven by changes in metabolic demands associated with seasonality or environmental conditions (e.g., temperature, light, and nutrients) [22] . This implies that the capacity of our model to predict coral trophic strategies will most likely improve with the inclusion of additional environmental parameters. For example, in regions of strong seasonal upwelling, large drops in temperature can lower coral metabolic rates and suppress feeding during times of increased food availability [ Satellite-derived estimates of PP n provide useful estimates of food availability for shallow water corals; however, these estimates do not capture all of the processes that influence food abundance and distribution on a given reef. For example, the D 13 C values on Millennium did not vary with depth as expected based on surface chl-a concentrations alone (chl-a concentrations similar to Flint and Vostok; Figure 1A ). As the only atoll in the SLI, Millennium possesses a lagoon that exchanges water with the reef and the flushing of productive lagoon waters can influence PP n [26] . Notably, spatially explicit downwelling of zooplankton-rich water from Palmyra Atoll's lagoon interacts with internal waves to homogenize food availability across depths, leading to static D
C values in P. meandrina from 10 to 30 m [24], and we hypothesize this is what is occurring at Millennium. Thus, where inter-and intra-island physical processes increase heterotrophic resources or re-distribute them throughout the water column, corals may feed opportunistically regardless of depth [17, 24] .
To date, the physiological benefits of heterotrophic nutrition in corals have largely been determined in laboratory experiments (reviewed in [48] ), though several studies have linked in situ feeding with resistance to and recovery following bleaching [11, 17] . As such, corals on reefs with elevated PP n and greater access to heterotrophic resources may have a greater capacity to survive and recover from acute disturbances [49, 50] . On some coastal reefs, anthropogenic nutrient pollution can increase chl-a concentrations [51] and, more importantly, disrupt nitrogen to phosphorus ratios (N:P), which can increase bleaching sensitivity in corals [52] . Our study identified 16 locations that span a three-fold gradient of naturally elevated surface chl-a (0.09-0.29 mg chl-a m À3 ), yet the highest values are 1.5-6 times lower than concentrations associated with increased bleaching sensitivity (>0.45 mg chl-a m À3 ) [53] and reduced species diversity in polluted locations (2 mg chl-a m À3 ) [54] . Thus, although in some coastal or more heavily impacted regions, coral resistance to bleaching may not be correlated with surface chl-a, for many reefs, slightly elevated chl-a most likely confers benefits [55] . Future work to disentangle the roles of heterotrophic nutrition and background nutrient levels to coral persistence will be valuable for refining projected coral reef trajectories in a warming ocean.
In conclusion, our study provides the first empirical evidence that coral trophic strategies track nearshore primary production (PP n ) at multiple spatial scales. Our established relationship between coral nutrition (D 13 C) and surface chl-a has high explanatory power and is based on freely available data. Importantly, our model can be applied to coral trophic ecology throughout the tropics because this metric of PP n is globally comprehensive. Previous investigations of upwelling and PP n on coral reefs have focused on the role of cooler, upwelled water to moderate temperatures and thus promote coral resistance to bleaching [56] [57] [58] [59] . Given the strong connection between coral nutrition and PP n described here, the contribution of heterotrophy to coral recovery from bleaching has most likely been underestimated in areas of naturally elevated PP n . As such, our model provides a framework to evaluate the importance of heterotrophy to the resilience of coral populations across regions with different background PP n . This information is essential for improving estimates of the response of corals, and other mixotrophic communities, to predicted variations in PP n in an era of global change.
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EXPERIMENTAL MODEL AND SUBJECT DETAILS
The Southern Line Islands, of the Republic of Kiribati consist of four low-lying limestone islands (Flint, Vostok, Starbuck, and Malden) and one atoll (Millennium) ( Figure 1A ). These coral-dominated islands [60] represent reef ecosystems that have likely adapted to longterm differences in inorganic nutrient availability and nearshore primary production (PPn) due to variation in regional oceanography in the absence of local human impacts. All research was conducted on the leeward (west) fore reef habitat of each island between October and November 2013. Sites were selected based on previously published data and were representative of island-scale averages for benthic community structure [60] . For the first part of this study, we sought to compare the trophic ecology of a common reef-building coral across a natural, longterm gradient in nearshore primary production. We chose to examine a species that is widely distributed coral throughout the Pacific and Indian oceans, Pocillopora meandrina. We recognize the challenges of accurately identifying Pocillopora species visually in the field given the high level of morphological plasticity within this genus [61] . However, the relative abundance of P. meandrina throughout the Line Islands [62, 63] supports our identification. We removed approximately 2-3 cm 2 branch tips from the top-center of five similarly sized colonies of P. meandrina. All sampled colonies were separated by at least 5 m when abundant and collections were made strictly along the isobaths at each depth. Samples in the SLI were collected at 5, 10, 15, 20, 25, 30 m on each island and placed in individual UV protective sample bags. During transport to the research vessel, samples were stored in the dark and on ice and then frozen at À20 C until analysis. We also examined the relationship between coral trophic ecology and nearshore primary production on a global scale using previously published coral isotope data from the literature.
Coral host tissue and endosymbiont d (Table S2) . Only data from studies that collected corals at 10 m depth and presented independent means of host and endosymbiont fractions were included. This depth was selected because it is among the most commonly surveyed depth on fore reef habitats [60] and therefore most relevant to previous studies of coral reef benthic communities. When isotopic means were not provided in a table, values were extracted Software and Algorithms from figures using Data Thief 3.0 (https://www.datathief.org). If multiple coral species were sampled at the same location, their isotopic values were averaged to create a site-specific mean in order to avoid pseudoreplication among each level of chl-a in our statistical analyses.
METHOD DETAILS
Oceanographic context of the Southern Line Islands To quantify differences in ambient inorganic nutrient concentrations across the SLI, triplicate water samples (50mL) were collected at 5, 10, 15, 20, and 30 m at each site, filtered (0.7 mm GF/F filters, Whatman) and frozen at À20 C until analysis. Samples were analyzed for dissolved inorganic nitrogen (DIN = NO 3 -+ NO 2 -+ NH 4 + ) and soluble reactive phosphorus (SRP) at the University of Hawaii Hilo EPSCoR analytical laboratory. Inter-island variation in nutrient concentrations were compared using a two-way fixed factor analysis of variance (ANOVA) to examine the effects of island and depth and their possible interaction. Assumptions of normality and homoscedasticity were verified by using the Anderson-Darling test and Levene's test, respectively. There was significant interaction between island and depth for DIN (F 16,40 = 5.083, p < 0.001, Figure 1C ). This interaction, however, was driven by differences in nutrient concentrations at the same depths across islands. The only intra-island differences across depth occurred on Malden (Tukey HSD: 5 m < 15, 25, 30 m) and the difference was < 0.5mmol. Phosphate concentrations did not vary with depth but differed among islands (F 4,40 = 70.66, p < 0.001). As such, we considered inorganic nutrient concentrations to be homogeneous throughout the upper 30 m and pooled the data to present an integrated mean for the water column. In situ photosynthetically active radiation (PAR) was recorded with a LI-COR 4p quantum sensor (LI-1400, LICOR USA) that was deployed at 10 m depth for 2-4 diel cycles at each island. The relative light environment at each island over longer timescales was assessed by determining the depth of light penetration at 490 nm (K490) from the MODIS data package, sensu [26] .
To quantify patterns of island-scale PPn we used the eight-day 0.0417 ($4-km) spatial resolution product of chl-a (mg m -3 ) derived from the Moderate Resolution Imaging Spectroradiometer (MODIS; https://modis.gsfc.nasa.gov/). Data were obtained for 2004-2015 (12 years) to provide climatological means of surface chl-a concentrations across the SLI, sensu [6] . Briefly, pixels that fell within 3.27 km of the 30 m isobath of each island were excluded to avoid data confounded by optically shallow water. Next, a full pixel width (4.4 km) buffer region was extended beyond the 3.27 km exclusion zone and used to select a single band of pixels around each island. These pixels were averaged to create island-scale climatological estimates of chl-a concentrations as a proxy for nearshore PP and heterotrophic resource availability. The mean number of pixels used around the smallest oceanic islands in this study (Palmyra Atoll and all islands in the SLI) was 13. Therefore, climatological chl-a estimates were derived for other locations using the mean of the13 most proximate pixels along shore of the collection site. This standardized the spatial areas considered for the PP climatologies at each location and allowed for more ecologically relevant estimates along continental coastlines such as in the Red Sea or from large islands, such as Jamaica.
By using chl-a data from optically clear waters we avoid confounding data from nearshore waters that may be influenced by terrestrial runoff or other anthropogenic impacts [31] . Consequently, our chl-a estimates are not made on the reef and may therefore underestimate the overall chl-a concentration and plankton abundance. However, this proxy to nearshore primary production is a powerful predictor of the biological responses of coral reef communities, most notably corals and planktivorous fish [55, 64] . Satellite-derived chl-a estimates from 29 Pacific islands also accurately reflect phytoplankton biomass throughout the euphotic zone [26] .The mean chl-a concentration at each island during our cruise in October-November 2013 mirrored the long-term climatologies for the region and was strongly correlated with in situ DIN concentrations (r = 0.97). Thus, we believe that remotely sensed chl-a accurately reflect surface chl-a conditions near coral reef environments over longer timescales and that this metric provides a relevant estimate of food abundance for coastal mixotrophs in the tropics.
Stable isotope analysis of Pocillopora across islands and depths in the SLI Coral host and endosymbiont fractions were isolated following established methods [18, 23, 24, 65] . An airbrush was used to remove tissue from the skeleton using 10 mL of 0.07 mm filtered seawater (FSW). The resulting blastate was homogenized with an electric tissue homogenizer. The animal fraction was isolated through centrifugation at 2,000 g for 5 min to pellet most of the endosymbionts. The supernatant (animal fraction) was decanted and the symbionts fraction was suspended in 2 mL of FSW, centrifuged again. The supernatant from this was added to the animal fraction, which was centrifuged a final time to pellet any residual endosymbionts and 2 mL were loaded onto a pre-combusted GF/F filter (Whatman). To minimize the contamination of the endosymbiont fraction by coral host tissue (and therefore optimize our ability to detect true heterotrophic signals), the endosymbiont fraction was then resuspended in 5 mL FSW, pressure filtered through 83 and 20 mm nitex mesh and pelleted at 2,000 g. This filtration was repeated once more before 1 mL of the endosymbiont fraction was loaded onto a pre-combusted GF/F. Each sample was briefly rinsed with 1mL 1N HCl to remove calcium carbonate from the coral sample and rinsed with 1 mL of DI water [66] . Acidified and non-acidified samples were tested against each other to ensure that rinsing with a weak acid did not affect nitrogen isotope values. We examined acidification effects on both tissue fractions (n = 5) using paired t tests and found no effect of this light acidification on d C metric), we collected reef-associated POM (2 L seawater filtered onto 25 mm GF/F) and zooplankton (> 133 mm, collected across full diel cycles using an autonomous plankton sampler, sensu [24] ) from 10 m depth at 3 leeward sites per island. Both sample types were concentrated on pre-combusted GF/F filters and briefly acidified as above. For each zooplankton filter (n = 3 per island), duplicate subsamples were averaged together to account for the heterogeneous distribution of plankton across the filter.
To extract chlorophyll-a, endosymbionts were pelleted from 2 mL of coral blastate from each coral at 10, 20, and 30 m. The animal fraction was decanted and the algal pellet was homogenized in 1 mL in N,N-dimethylformamide (DMF) and the pigments were extracted for 24 hr at 4 C following [68] . The sample was then centrifuged for 5 min at 7,000 x g to remove all particulate debris and the supernatant was analyzed with a diode array spectrophotometer (Agilent, UV-vis 8453) following the equations of [69] for a spectrophotometer with 1 nm resolution. Pigment concentrations were normalized to surface area of each coral fragment determined by wax dipping [70] , initial blastate volume, and solvent volume. Endosymbiont density was quantified by 6 replicate counts on a Hausser hemocytometer and normalized to initial blastate volume and coral surface area.
QUANTIFICATION AND STATISTICAL ANALYSIS
To determine if coral host tissue was more similar to its dominant prey source (zooplankton) on more productive islands, we examined the difference between the coral host tissue with zooplankton d 13 C and d
15
N values at each island using only corals from 10 m (to be consistent with the depth of zooplankton collections). We used a one-way ANOVA to test for differences in zooplankton Assumptions of normality and homoscedasticity were verified by using the Anderson-Darling test and Levene's test, respectively. We included depth as a covariate to test for differences in the slope of the relationship between tissue chemistry and depth across the SLI (significant interaction term) and for differences in the magnitude of the heterotrophic signal (significant effect of island). Significant differences in the slopes of island-specific regressions of mean values versus depth were determined individually in pairwise contrasts [71] . Coral pigment content was log transformed to satisfy the assumptions of normality and homoscedasticity and compared across islands and depth with a two-way fixed factor ANOVA. The relationship between coral pigment content and endosymbiont density and their respective influence on coral D 13 C was examined using Pearson's correlations for all coral samples from 10 m pooled across the SLI (n = 25).
Global relationships between coral isotopic ratios and nearshore primary production The physiology and trophic strategies of scleractinian corals vary considerably across taxa [29] . We acknowledge that averaging the D 13 C estimates of multiple species reduces our ability to examine species-specific patterns and intra-site variability, but this allowed us to test our observed relationship in the most statistically rigorous fashion. To account for the influence of coral taxonomy on our observed relationship between D 13 C and surface chl-a, we refined the global dataset to only include data from coral families that were replicated in at least two separate locations (intra-archipelago replication excluded). The resulting dataset thus excluded samples from the Acroporidae and Meandrinidae (Jamaica) and Oculinidae (Maldives) families from the mean D
13
C estimates at those locations. The resulting family-level dataset contained D 13 C estimates from all 16 locations but only for corals from four families (Agariciidae, Astrocoeniidae, Faviidae, Pocilloporidae). Using this refined dataset, we tested the consistency of our observed linear relationship between D 13 C and chl-a at both island and regional scales.
To examine the influence of spatial autocorrelation on heterotrophy estimates from geographically clustered islands, we fitted a linear mixed effects model (lme4 package for R [72] ) with region included as a random effect (model 1) on the intercept as: mean D 13 C $mean chl-a + (1jRegion). Region explained zero percent of the model variance while surface chl-a was a significant predictor variable (p < 0.01, r 2 = 0.78). To further address this concern, we compared the performance of this model with a standard general linear model (model 2) (residuals of our data were normally distributed, were not auto-correlated, and showed no sign of heteroscedasticity) using Akaike Information Criterion (MuMIn package [73] ) corrected for small sample size AICc [74] . Both models confirmed that chl-a was a significant predictor variable and indicated that the effect of surface chl-a concentration on coral D 13 C was consistent within and across regions, regardless of ocean basin (p < 0.01). The slope and y-intercept of both models were identical; therefore we selected the more parsimonious general linear model of island means as the model of best fit (DAICc = À5.19 relative to model 1).
To test for a spatial bias driven by uneven sampling within individual regions (1-6 islands per archipelago), we collapsed the islandmean estimates of heterotrophy into regional means (i.e., data from each island of an archipelago were averaged, thereby reducing the influence of spatial autocorrelation within archipelagos). Our expectation was that significant regional bias would reduce performance of the regional general linear model (model 3). Notably, this approach had no significant effect on model performance (model 2: C estimates to most accurately capture the variation across all 16 locations. To further assess the performance of our selected linear model we performed a sensitivity analysis to assess the influence of taxonomy and geography on model performance by reducing the model in a stepwise fashion (Table S3 ). First, we tested for a significant relationship between surface chl-a and all coral d 13 C and D 13 C data for 15 species. Next, we removed islands whose mean D 13 C value was created from multiple species (i.e., Jamaica, Eilat) and for a species with uniquely deplete d
C, Madracis spp.
[23]. Then, we further reduced the model to include only data from a single species at all locations (excluding Jamaica and using Stylophora pistillata from the Gulf Eilat due to its genetic relatedness to Pocillopora). Finally, we examined the most simplistic model, only d 13 C and D 13 C data for Pocillopora from the Line Islands and the Maldives. We calculated coefficients of variation for the slope and y-intercept terms across all models (excluding model with raw data) to assess overall variation. See Table S3 for statistical summaries of each model, respectively. Finally, to disentangle the influence of geography versus oceanographic processes related to resource availability (i.e., PPn and upwelling) on coral and endosymbiont d 13 C and d
15
N values we examined linear relationships between absolute latitude (as a proxy for light and temperature) and estimated thermocline depth (as a proxy for resource delivery potential, as internal wave delivery of subthermocline resources are more probable in regions with shallower thermoclines [75] ). Thermocline depth was estimated as the depth of the 22 isotherm computed using objectively analyzed mean SST averaged across all available decades from the World Ocean Atlas (https://www.nodc.noaa.gov/OC5/woa13/). Thermocline depth in the tropical Pacific is well estimated by the depth of the 20 isotherm [75] , however, we used the 22 isotherm in order to include the Gulf of Eilat in our analysis, which can be mixed to depths in excess of 600 m [76] and did not go below 22 in the world ocean atlas database. Mean temperatures from the surface to 1000 m were determined for each island in the global dataset using a horizontal average of a 1 x 1 box centered on each island [24] . Depth of the 22 isotherm was estimated from linear fits of temperature versus depth for a temperature of 14-28 (r 2 > 0.95 for all models), which provided independent estimates of thermocline depth for each location. To account for the geographic proximity of several atolls in the Maldives, the atolls from this region were consolidated into north, central, and south groups (isotope data averaged across two atolls per region). Thus, the degrees of freedom in this analysis differed slightly from the global model presented above (df = 11 versus 13). We compared linear models (Table S4 ) based on mean isotope values as described above. We also examined coral and endosymbiont d 15 N and D 15 N across the Pacific and Indian oceans and for only Pocillopora from the Line Islands and the Maldives to control for regional oceanographic differences and elucidate how oceanic 15 N baselines influence coral d 15 N. All statistical analyses were completed using R (R Core Team 2013 and related packages).
DATA AND SOFTWARE AVAILABILITY
The datasets generated during and/or analyzed during this study have been deposited in the Mendeley Data repository at: https://doi. org/10.17632/dhvyrxcxhw.1. The datasets we have deposited include: Annual surface chl-a concentrations determined for each location in the global analysis, Pocillopora host and endosymbiont d 
